Verb retrieval for action naming was assessed in 53 brain-damaged subjects by administering a standardized test with 100 items. The goal of the study was to gain further insight into the nature of verb processing impairments by investigating the influence of several kinds of stimulus, lexical, and conceptual factors on the subjects' performance at the level of group tendencies and also at the level of individual differences. (1) Stimulus factors: visual complexity, familiarity, image agreement, and one vs. two pictures (which corresponds to ongoing vs. completed actions); (2) lexical factors: name agreement, verb frequency, and whether the root of the target verb has a homophonous noun; (3) conceptual factors: whether the action is done with the hand or the body, whether the action involves one or two core participants, whether the undergoer of the action has a change of internal state, whether the undergoer has a change of spatial location, and whether the actor makes use of an instrument in carrying out the action. The subjects were divided into an impaired group (n ϭ 19) and an unimpaired group (n ϭ 34) on the basis of their overall performance on the test. For both groups of subjects, verb retrieval was significantly affected by the following factors: familiarity, image agreement, name agreement, homophonous noun, and undergoer change of location. These results indicate that, at the level of group analysis, some factors have a stronger influence on verb retrieval for action naming than others. Moreover, the finding that the two groups exhibited the same general pattern of factor sensitivity suggests that although the processing efficiency of the mechanisms that subserve verb retrieval is degraded in the impaired group, the basic functional properties of these mechanisms may not be qualitatively very different from those of the unimpaired group. Further analyses were conducted at the level of individual subjects and revealed a considerable amount of variation with regard to factor sensitivity. Many patterns of associations and dissociations of factors were found across the subjects, which suggests that the For their assistance at various stages in this project, we thank Ralph Adolphs, Antonio Damasio, Hanna Damasio, Julie Fiez, Martha Islas, Ashok Jansari, Denise Krutzfeldt, Ken Manzel, and Ellen Steffensmeier. We also thank two anonymous referees for their comments on an earlier version of the paper. This work was supported by Program Project Grant NINDS NS19632.
INTRODUCTION
Research on word-finding deficits in brain-damaged subjects has concentrated mainly on noun retrieval. In recent years, however, an increasing amount of attention has been paid to the other major lexical category in human language-verbs. Several studies have described aphasic subjects who are impaired at producing verbs in spontaneous speech and in various testing situations (e.g., picture naming, sentence completion, synonymy generation, sentence generation). Many of these studies have focused on subjects with agrammatism because such subjects are typically much more impaired at producing verbs than nouns (e.g., Fillenbaum et al., 1961; Myerson & Goodglass, 1972; Miceli et al., 1984 Miceli et al., , 1988 Goodglass et al., 1994; Menn et al., 1995; Berndt et al., 1997a Berndt et al., , 1997b Chen & Bates, 1998) . However, verb disorders are not restricted to agrammatic subjects. A number of studies have documented selective verb retrieval impairments in subjects who do not exhibit the symptoms of agrammatism (e.g., Caramazza & Hillis, 1991; Kremin, 1994; Marshall et al., 1996; White-Devine et al., 1996; Jonkers & Bastiaanse, 1998) , and in fact, verb disorders have been found across many subtypes of aphasia (Williams & Canter, 1987; Kohn et al., 1989) .
Within the domain of nouns and the concepts they encode, a considerable amount of research has addressed the issue of what kinds of factors influence the ability of brain-damaged subjects to name concrete objects. For example, it has been shown that object recognition and naming are influenced to varying degrees by such factors as homomorphy (shape similarity), familiarity, value to perceiver, manipulability, characteristic motion, characteristic sensory modality of transaction (vision, touch, hearing) , and typical age of acquisition (Funnell & Sheridan, 1992; Stewart et al., 1992; Tranel et al., 1997a) . These factors help to explain the occurrence of dissociations between the ability to recognize and name different conceptual categories of objects, such as persons, animals, and tools (e.g., Hart et al., 1985; Warrington & McCarthy, 1987; A. Damasio et al., 1990a; Farah et al., 1996; Hodges & Patterson, 1997; Tranel et al., 1997b; Caramazza & Shelton, 1998) . As a result of this research, our understanding of the functional organization of the noun lexicon and the conceptual knowledge associated with it has become much more sophisticated.
By comparison, very little research has been concerned with the analogous question of what kinds of factors contribute to the ability to retrieve verbs for naming actions or constructing sentences. The few studies that have addressed this topic, however, have yielded very interesting findings. For example, dissociations have been found between the following types of information specified by verbs: conceptual meaning (e.g., features that distinguish between chase and follow), semantic argument structure (i.e., hierarchical configurations of syntactically relevant semantic information such as thematic roles), and subcategorization frames (Breedin & Martin, 1996; Manning & Warrington, 1996; Marshall et al., 1996; Grossman et al., 1997) . In addition, more specific semantic and syntactic factors have been found to influence verb processing. Relevant semantic factors include the following: reversal of thematic roles, like buy vs. sell (Breedin & Martin, 1996; Marshall et al., 1996) , one vs. two vs. three thematic roles (Thompson et al., 1997; Caplan & Hanna, 1998) , and whether the encoded action involves an instrument 1 (Jonkers & Bastiaanse, 1996) . Relevant syntactic factors include transitivity (Jonkers & Bastiaanse, 1996 , 1997 , 1998 Thompson et al., 1997) and the number of possible subcategorization frames (Shapiro et al. 1993 ; Thompson et al., 1997) . Thus, the functional organization of the verb lexicon and the information associated with it is beginning to be understood.
The purpose of this paper is to present a study that was designed to shed more light on the kinds of factors that contribute specifically to verb retrieval for action naming in brain-damaged subjects.
2 Fifty-three subjects with lesions in the left hemisphere were given the Action Naming Test recently developed and standardized by Fiez and Tranel (1997) . The neural correlates of verb retrieval impairments in these subjects were described in detail in a separate paper (Tranel et al. , submitted for publication), although for purposes of completeness, we have summarized those findings briefly below. Here the focus is on the kinds of factors that contributed to the performance of the subjects.
FACTORS INVESTIGATED IN THE ACTION NAMING TEST
The Action Naming Test consists of 100 items in which the subject is shown color photographs of agents performing various kinds of actions and is asked to produce the verb that best characterizes each action. The first 75 items are single pictures that show ongoing activities, and the last 25 items are picture pairs that show causative events by depicting, first, a situation before an agent has brought about some kind of change in another entity and, second, the same situation after the change has been completed. Items with single pictures are intended to elicit verbs in the imperfective aspect, which is encoded by the fully regular suffix -ing, and items with picture pairs are intended to elicit verbs in the perfective aspect, which is encoded either by the regular past tense suffix -ed or by an irregular past tense form.
The items were classified according to a number of stimulus factors, lexical factors, and conceptual factors, as specified in Appendices A-C. Some of these factors are based on the normative data collected by Fiez and Tranel (1997) , while others were created for purposes of this investigation. For many of the factors, predictions were made about how they would or would not affect the performance of brain-damaged subjects, and these predictions were tested with standard statistical techniques.
Stimulus Factors
Four stimulus factors were considered-visual complexity, familiarity, image agreement, and number of pictures. The classifications of the items according to these factors are presented in Appendix A. The first three factors involve ratings of pictorial dimensions of the stimuli; these ratings were provided by three different groups of college students, each of which consisted of 40 subjects (Fiez & Tranel, 1997) . The visual complexity of each picture or picture pair was rated on a 5-point scale, in which 1 indicated ''very simple'' and 5 indicated ''very complex.'' Complexity was defined as the amount of visual detail or intricacy in the picture(s). Because such judgments can be influenced by the level of ''granularity'' that a given subject adopts, all of Fiez and Tranel's subjects were first asked to just passively look at 20 individual pictures and 10 picture pairs to get a sense of the variability in complexity across items. They were then instructed to base their 5-point scales on the extremes of simplicity and complexity in the sample pictures. This procedure was intended to increase the likelihood that the subjects would employ similar scales. Familiarity was also rated on a 5-point scale with 1 indicating ''very unfamiliar'' and 5 indicating ''very familiar.'' Familiarity refers to the degree to which the depicted action or its corresponding concept is common or uncommon, usual or unusual, in one's realm of experience. Both of these factors-complexity and familiarity-have been found to influence the object naming abilities of brain-damaged subjects (Funnell & Sheridan, 1992; Stewart et al., 1992 ), but we are not aware of any studies that have investigated how these factors might contribute to action naming.
3
Based on findings from studies of object naming, however, we predicted that items which depict visually complex and unfamiliar actions would pose a relatively greater challenge for verb retrieval than items which depict visually simple and familiar actions. To rate the third pictorial dimension, image agreement, the subjects in Fiez and Tranel's (1997) experiment first heard the name of the action to be shown and were asked to generate a mental image of it, and then after a 3-s delay the picture or picture pair was presented and the subjects judged how closely it resembled their mental image. Agreement was rated on a 5-point scale, with 1 indicating ''low agreement,'' i.e., a poor match between the picture(s) and the mental image, and 5 indicating ''high agreement,'' i.e., a good match. We predicted that verb retrieval for items with low image agreement would be more difficult than for items with high image agreement.
The final stimulus factor is the number of pictures for each item-one vs. two. As noted above, this distinction is conflated with the grammaticalsemantic distinction between imperfective aspect for ongoing events (one picture) and perfective aspect for completed events (two pictures). Hence this factor involves not just stimulus properties but also conceptual properties. The decision to place it under the heading of ''stimulus factors'' rather than ''conceptual factors'' was not motivated by theoretical or empirical considerations but was instead arbitrary. The fact that this factor has a dual status, including both stimulus and conceptual components, will be important in later sections of this paper. Although an empirical basis for making strong predictions about how this factor might influence verb retrieval is lacking, we reasoned that items with picture pairs would be more challenging because, first, they require visual processing of two different images instead of just one and, second, they require identification of the causal and spatiotemporal relation between the two images, a conceptual process that is not necessary for items with just one picture.
Lexical Factors
Appendix B shows how all of the verbs were classified according to four lexical factors: two measures of name agreement (percentage and H ), frequency of occurrence, and whether they have a homophonous noun. 4 The two name agreement measures are derived from Fiez and Tranel (1997) and reflect the degree of consistency of naming responses given by 64 college students. The first measure indicates for each item the percentage of subjects who gave the target verb as their response. The second measure is the H statistic, which was also used by Snodgrass and Vanderwart (1980) to analyze the naming responses of normal subjects to pictures of concrete entities. This statistic provides information about the distribution of responses across subjects. Fiez and Tranel (1997) explain it as follows: ''A stimulus named identically by all 64 subjects would have an H value of 0. Increasing H values indicate decreasing name agreement and, usually, decreasing percentages of overlapping responses. Take, for instance, two items that are both given the target name by 60 of the subjects, with one of the items given a single other name by the remaining 4 subjects, and the other given four other names, each by a single subject. The two items will have equal percentage agreement scores, but the first will have a lower H score than the second (.34 vs. .46).'' Thus, while the percentage of name agreeement indicates the proportion of control subjects who gave the same response for an item, H name agreement indicates the degree of diversity of the responses given by the control subjects. Because items with a high percentage of name agreement and low H name agreement are the ones that elicited the most consistent responses from the control subjects, we predicted that they would also be the easiest items for brain-damaged subjects.
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The third lexical factor is verb frequency. These values were computed by Francis and Kucera (1982) and are taken from Fiez and Tranel (1997) . Several previous studies of verb retrieval in brain-damaged subjects have found that, contrary to what one might expect, low frequency verbs are typically not more difficult to produce than high frequency verbs; in fact, if anything there is a tendency in the opposite direction, especially for agrammatic aphasics (Breedin & Martin, 1996; Berndt et al., 1997a; Breedin et al., 1998) . Berndt et al. (1997a) point out that this is consistent with the fact that one of the main characteristics of agrammatism is that the most frequent words in the language, specifically grammatical function words, tend to be omitted, whereas words with much lower frequency, such as many concrete nouns, tend to be spared. We predicted, then, either that there would be no effect of frequency for the brain-damaged subjects in our study or that if an effect did appear, it would tend to be negative.
The final lexical factor is whether the root of the target verb has a homophonous noun (e.g., rake). Because English is quite free in allowing speakers to convert verbs to nouns and vice versa, a semantic restriction was placed on the verbs that were considered to have homophonous nouns-specifically, the noun had to denote a concrete, temporally stable entity (e.g., plug, toast), as opposed to the reification of a dynamic event (e.g., kiss, race). The rationale for this approach to deciding whether a verb has a homophonous noun was that, crosslinguistically, words that function syntactically as nouns are far more likely to refer to physical, bounded, unchanging objects than to properties or events (Hopper & Thompson, 1984; Givón, 1984; Croft, 1991) . This led to 28 verbs being classified as having homophonous nouns and the remaining 72 verbs being classified as not having homophonous nouns. It has been observed that in naming tasks some brain-damaged subjects are able to produce a particular phonological form as a noun but not as a verb, or vice versa (e.g., Goodglass & Kaplan, 1983; Benson, 1988; Tranel, 1991; Rapp & Caramazza, 1995) . For example, Caramazza and Hillis (1991) describe two subjects who exhibit a double dissociation between production of homophonous nouns and verbs: one subject could produce, say, crack in the context of a crack in a mirror but not in the context of cracking nuts, while the other subject displayed the opposite performance. These findings suggest that when a noun and a verb are homophonous, the ability to retrieve the phonological form as one grammatical category does not necessarily facilitate the ability to retrieve the same form as a different grammatical category. On the other hand, several recent studies have generated results that support the opposite point of view, namely that the retrieval of lexical items belonging to different grammatical categories is in fact facilitated by homophony. Bastiaanse (1996, 1998) found that in a picture naming task some aphasics have better retrieval of instrumental verbs that are homophonous with the name of the instrument shown in the picture (e.g., brush) than of instrumental verbs that are not (e.g., sew). In addition, Kremin (1994) reported a facilitative effect of homophony on verb retrieval in a single brain-damaged subject. Our motivation for classifying the items in the Action Naming Test according to whether the roots of the target verbs have homophonous nouns was to investigate this controversial issue further. If the brain-damaged subjects in our study do not exhibit differential verb retrieval depending on whether there are homophonous nouns, this would support the notion that homophony does not affect the processing of lexical items belonging to different grammatical categories. On the other hand, if the subjects have better retrieval of verbs with homophonous nouns than of verbs without homophonous nouns, this would be consistent with the alternative view that homophony does in fact contribute to the retrieval process. Roughly speaking, the object in the picture may trigger access of the corresponding noun and this may in turn facilitate retrieval of the appropriate verb by virtue of their phonological identity.
Conceptual Factors
Appendix C shows how all of the items were classified according to five conceptual factors: whether the action is performed by the hand or the body, whether the action has one or two core participants, whether the undergoer has a change of state, whether the undergoer has a change of location, and whether the actor makes use of an instrument to carry out the action. The first factor of hand vs. body was motivated in part by neuroanatomical considerations. Several sources of evidence suggest that the left ventrolateral premotor and prefrontal cortices play an important role in verb retrieval. Not only does damage to this region of the brain typically impair verb retrieval for action naming or for sentence production (McCarthy & Warrington, 1985; Miceli et al., 1984 Miceli et al., , 1988 Zingeser & Berndt, 1990; Damasio & Tranel, 1993; Daniele et al., 1994; Bak & Hodges, 1997; Thompson et al., 1997; Breedin et al., 1998; Tranel et al., submitted for publication) , but this region has also been found to show significant activation during verb retrieval tasks in functional neuroimaging studies with normal subjects (Petersen et al., 1989; Raichle et al., 1994; McCarthy et al., 1993; Martin et al., 1995; Grabowski et al., 1996; Warburton et al., 1996) . In addition, there is evidence that the same general region is important for planning hand actions. Lesions here can cause so-called ideational manual apraxia (Kimura, 1993; Heilman & Rothi, 1993; Geschwind & Damasio, 1985) , and functional neuroimaging studies in humans and single-cell recording studies in monkeys show activation in this region during the production, recognition, and imagination of hand actions (Decety et al., 1994; Jeannerod & commentators, 1994; Gallese et al., 1996; Grafton et al., 1996a Grafton et al., , 1996b Rizzolatti et al., 1996) . By contrast, the planning of trunk and leg movements is probably controlled by the superior and mesial premotor and prefrontal cortices. Given this background, we were interested in exploring the question of whether dissociations might emerge between verb retrieval for hand actions and verb retrieval for other kinds of body actions, specifically trunk and leg actions. In particular, we reasoned that subjects with verb retrieval deficits might tend to have more trouble with verbs for hand actions than with verbs for body actions (although some subjects might exhibit the opposite dissociation). If such dissociations were found, then further research could be undertaken to determine whether the different kinds of impairment correlate with distinctive lesion profiles. Some of the test items had pictures showing facial actions, and these items were excluded from the analysis because the primary concern was to compare hand actions with trunk and/or leg actions. Thus, in Appendix C there are eight items involving facial actions that are listed as ''not applicable''; seven additional items are given the same listing for other reasons. Of the remaining 85 items for which the hand vs. body distinction is relevant, 59 are classified as hand actions and 26 as body actions.
The second conceptual factor is whether the action has one or two core participants. Twenty-three items involve actions with just one participant, and in 21 of these the participant is an actor while in the other 2 the participant is an undergoer. The remaining 77 items involve actions with both an actor and an undergoer. The terms ''actor'' and ''undergoer'' come from the syntactic theory called Role and Reference Grammar (Van Valin, 1993; Van Valin & LaPolla, 1997) and are defined roughly as follows: the actor of an event is the participant that performs, instigates, or controls it, whereas the undergoer is the participant that is affected by the event in some way (cf. also the notions of proto-agent and proto-patient described by Dowty, 1991) . Syntactically, actors are typically expressed as subjects of transitive clauses, while undergoers are typically expressed as objects of transitive clauses. All of the test items that have just an actor or undergoer can only be described with intransitive sentences, and all but 1 (item 38) of the test items that have both an actor and undergoer can be described with simple transitive sentences. Although many of the latter items can also be described with intransitive sentences-e.g., The woman is riding (the horse)-no attempt was made to distinguish between verbs with obligatory objects and verbs with optional objects because judgments of optionality vary greatly across speakers and contexts. Several previous studies have investigated how the factor of number of participants-and its syntactic correlate, transitivity-affect the verb retrieval abilities of brain-damaged subjects, but these studies have yielded inconsistent results. On the one hand, some studies have found that in action naming tests as well as sentence production tests, subjects tend to manifest a hierarchy of verb retrieval success or preference such that verbs with a single semantic participant and corresponding syntactic argument tend to be easier than verbs with two or more (Thompson et al., 1997; Caplan & Hanna, 1998) . On the other hand, there are also some studies that have obtained the opposite results-specifically, subjects who perform better at retrieving two-participant transitive verbs than single-participant intransitive verbs in both action naming and sentence production tests (Jonkers & Bastiaanse, 1996 , 1997 , 1998 . One of the goals of the present study is to investigate in greater detail the issue of how participant number and syntactic transitivity influence the verb retrieval abilities of brain-damaged subjects.
The third and fourth conceptual factors involve the 77 items in which there is both an actor and an undergoer, plus the 2 items in which there is just an undergoer. At issue here are two questions: Does the undergoer change internal state, and does the undergoer change spatial location? In 42 of the items the undergoer changes state while in the remaining 35 items it does not, and in 18 of the items the undergoer changes location while in the remaining 59 items it does not. Although in some items the undergoer does not have either kind of change, in none of the items is it considered to have both kinds of change; thus the two factors are partially orthogonal. One of the reasons for including these two conceptual factors in the analysis was that Breedin et al. (1998) recently reported that the first factor-change of state-did in fact influence the verb retrieval abilities of some of the brain-damaged subjects in their study. In particular, for two subjects verbs that specify a change of state in the undergoer were easier to produce than verbs that do not. The authors argue that change-of-state verbs may be easier for some subjects to retrieve precisely because they have richer semantic representations with a greater number of features; in other words, the more semantic information the verb contains, the easier it is to access. This is supported not only by connectionist neural network modeling (e.g., Plaut & Shallice, 1993) but also by the authors' additional finding that many of their subjects had better retrieval of heavy than light verbs 6 (e.g., run vs. go) and of specific than general verbs (e.g., grab vs. get). They also point out, however, that for other subjects there may be an opposite complexity effect such that greater semantic infomation impedes efficient verb retrieval. Incidentally, it is possible that these two accounts also apply to the variable effects of participant number/transitivity discussed above. Based on these considerations, we reasoned that the factors of change of state and change of location may have variable effects on the subjects in the present study: some subjects might have better performance on verbs that encode a change of state or location than on verbs that do not, whereas other subjects might display the opposite profile for different reasons. Our main objective was to explore this issue further.
The last conceptual factor is whether the actor makes use of an instrument in carrying out the action. The 2 items in which there is just an undergoer were excluded from this classification. 31 items are marked as involving an instrument and the remaining 67 items are marked as not involving an instrument. For all but one (item 57) of the actions in which an instrument is used, the action is performed by the hand. Thus, of the 59 items involving hand actions, 30 of them are done with an instrument. The presence of an instrument is interesting from a conceptual point of view not only because it introduces another participant but also because it increases the causal complexity of the event. The ''causal chain'' of an event with just an actor and an undergoer consists of direct transmission of force, whereas that of an event in which an instrument is used consists first of transmission of force from the actor to the instrument and then of transmission of force from the instrument to the undergoer (Croft, 1991) . Previous research has shown that agrammatic as well as anomic aphasics sometimes have more difficulty retrieving verbs for actions that involve an instrument than for actions that do not (Jonkers & Bastiaanse, 1996) . This finding is inconsistent with Breedin et al.'s (1998) view that greater semantic complexity facilitates verb retrieval, but it fits with their suggestion that for some brain-damaged subjects there might be an opposite effect such that greater complexity would interfere with verb retrieval. Thus, we predicted that the subjects in the present study would in general perform worse on items in which an instrument is involved than on items in which an instrument is not involved, but that there may be some interesting exceptions to this-e.g., a few subjects might demonstrate the opposite pattern.
Another conceptual factor that is potentially relevant to verb retrieval is the conceptual class to which a given verb belongs. All of the verbs in the Action Naming Test were looked up in two verb class databases- Levin's (1993) book, which classifies verbs according to semantic features that influence syntactic argument structure, and Fellbaum's (1998b) WordNet CD-ROM, which classifies verbs according to conceptual relational properties (see also Fellbaum, 1990 Fellbaum, , 1998a . The two classification lists that were created for the verbs in the test indicated, however, that the verbs fell into a large number of different classes, most of which contained only a few items-e.g., in the classification list based on Levin (1993) there were six verbs in the ''combining'' class, four in the ''cutting'' class, three in the ''removing'' class, and so on. Because the number of verbs in each class was very low, we believed that it would not be worthwhile to compare the performance of brain-damaged subjects across the different classes.
METHOD

Subjects
Fifty-three subjects with unilateral left-hemisphere brain damage were selected from the Patient Registry of the University of Iowa's Division of Cognitive Neuroscience. All subjects gave informed consent in accordance with the Human Subjects Committee of the University of Iowa. The subjects' lesions were distributed throughout the frontal, parietal, temporal, and occipital lobes of the left hemisphere. Before participating in the experiments described here, all subjects had undergone extensive neuropsychological and neuroanatomical investigation according to the standard protocols of the Benton Neuropsychology Laboratory (Tranel, 1996) and the Laboratory of Neuroimaging and Human Neuroanatomy (Damasio & Damasio, 1989; Damasio, 1995) . None of the subjects had difficulty attending to or perceiving visual stimuli, and none of them had aphasia severe enough to prevent coherent verbal responses. Demographic features of the subjects were as follows: mean age, 53.4 years (S.D. 15.7); mean education, 12.8 years (S.D. 2.6); mean number of years after lesion onset, 6.2 (S.D. 4.1); 32 subjects were male and 21 female; and 51 subjects were right-handed and 2 left-handed, as measured by the Geschwind-Oldfield Questionnaire.
Procedures
The subjects were tested individually in a quiet examination room in the Department of Neurology at the University of Iowa. The stimuli were shown on a Caramate 4000 slide projector in free field; picture pairs were shown simultaneously on two adjacent projectors, with the first picture on the left and the second on the right. All subjects were given the same items in the same order. They were instructed to produce for each picture or picture pair the verb that best characterizes the action. They were also told to say just one verb, as opposed to a noun or a phrase, and to include the most appropriate inflection for tense/aspect. For some items the examiner asked the subject a specific question to focus his/her attention on the relevant features of the picture(s)-e.g., ''What is this person doing?'', ''What is the person doing with this?'', ''What is the person doing to this?'' In addition, for some items if the subject's initial response was incorrect, the examiner provided one of several different prompts to elicit the correct response-e.g., ''Can you give an answer which specifies what kind of XXX the person is doing?''; ''Besides XXX, can you tell me what the person is doing?''; ''Look again, and try to think of a more accurate name for what the person is doing''; ''Can you think of another, similar word which describes this action?'' (XXX indicates an incorrect first answer). Four practice items with single pictures, and four with picture pairs, were given. The subjects' responses were recorded in writing and, in some cases, also on audiotape. The scoring of responses was very strict. Responses that were any of the target verbs listed in Appendix A were considered correct, and any other responses were considered incorrect. Moreover, each response had to be phonologically accurate with the proper inflection, and multiword phrases were marked incorrect even if they included the target verb.
Subject Classification
One of the main goals of this study was to determine whether the various stimulus, lexical, and conceptual factors described earlier affect brain-damaged subjects with impaired verb retrieval differently than brain-damaged subjects with normal verb retrieval. For this reason, the subjects were first classified according to their task performance. The percentage correct (which is equivalent to the number correct, since there are 100 items in the test) was computed for each subject, and Z scores were generated by comparing each subject's performance with the mean percentage correct of the normal control subjects tested by Fiez and Tranel (1997) , that mean being 85%. Subjects with Z scores 2 or more SDs below normal (which corresponds to less than 75% correct) were considered impaired (n ϭ 19); all other subjects were considered to fall within normal limits and will henceforth be referred to as unimpaired (n ϭ 34). The impaired subjects had a mean percentage correct of 49.7 (S.D. 20.1) and a mean Z score of Ϫ7.0 (S.D. 4.0). By contrast, the unimpaired subjects had a mean percent correct of 86.2 (S.D. 6.2) and a mean Z score of 0.3 (S.D. ϭ 1.3). In short, the impaired subjects tended to perform quite poorly on the test, while the unimpaired subjects tended to have scores very close to those of Fiez and Tranel's (1997) control subjects.
As noted earlier, the neural correlates of verb retrieval were investigated in detail in a separate study, which was based on the lesion method (Tranel et al., submitted for publication). Briefly, it was found that the region of highest lesion overlap in subjects with impaired verb retrieval encompassed the left frontal operculum (pars triangularis and opercularis), the left anterior insula, and the inferior sector of the left precentral gyrus. A second, less robust area of overlap was found in the left occipitotemporal region. These findings replicate and extend our preliminary observations on this issue (Damasio & Tranel, 1993) and indicate that these two left hemisphere regions are important for the process of verb retrieval.
RESULTS
Group Analyses
Looking first at the stimulus factors, we determined the contributions of the first three factors-visual complexity, familiarity, and image agreement-by measuring the extent to which the factor ratings for the test items correlated with the mean percentage of subjects who gave correct responses for the items. This was done for the two groups of impaired and unimpaired subjects. Low correlations were found between visual complexity and correctness (impaired, r ϭ Ϫ0.04, unimpaired, r ϭ Ϫ0.13); these correlation values are negative because higher factor ratings indicate greater visual complexity of the picture(s), and this correlates with lower percentages of correct responses from subjects. Much higher correlations were found for the factors of familiarity (impaired, r ϭ .34; unimpaired, r ϭ .38) and image agreement (impaired, r ϭ .33; normal, r ϭ .35). For both factors, the correlations were positive such that as familarity and image agreement go up, so does the mean percentage of correct responses from subjects. The fourth factor is whether one or two pictures are used as stimuli, which corresponds to whether the action has imperfective or perfective aspect. To measure the contribution of this factor to the subjects' performance, unpaired t tests were done for both groups of subjects comparing the mean percentage correct for items with one picture and items with picture pairs. No significant differences were found, although it is still noteworthy that for both groups, and especially for the impaired group, the mean percentage correct for single-picture items was higher than that for dual-picture items, which could be taken to suggest that the former items may be somewhat easier than the latter items. All of the results for stimulus factors are shown in Table 1 .
With regard to lexical factors, the same approach to quantifying the data was used. The contributions of the first three factors-name agreement (%), name agreement (H ), and verb frequency-were assessed by computing correlations between the factor ratings for the items and the mean percentage of subjects who gave correct responses for the items. As before, this was done for both groups of subjects. Very strong correlations were found for both measures of name agreement (percentage impaired, r ϭ .53, unimpaired, r ϭ .57; H impaired, r ϭ Ϫ.58, unimpaired, r ϭ -0.57). The correlations between name agreement (%) and correctness are positive, which indicates that as agreement increases so does the percentage of subjects who produced correct responses. What this means is that the subjects tended to perform better on items for which a relatively large percentage of Fiez and Tranel's (1997) control subjects gave the target verb. By contrast, the correlations between name agreement (H ) and correctness are negative because decreasing H values signify increasing agreement. In other words, the subjects tended to perform better on items for which the range of different verbs provided by Fiez and Tranel's (1997) control subjects was relatively small. As for the third lexical factor-verb frequency-low correlations with correctness were found (impaired, r ϭ Ϫ0.11, unimpaired, r ϭ Ϫ0.08). For both groups the correlations were negative, which suggests that the subjects were slightly better at retrieving low frequency verbs than high frequency verbs. The fourth lexical factor is whether the root of the target verb has a homophonous noun. Unpaired t tests were conducted for the two groups comparing the mean percentage correct for items with homophonous nouns and items without homophonous nouns; these t tests were two-tailed because no directional prediction was made about whether homophony would influence verb retrieval. A significant difference was found for the unimpaired group ( p Ͻ .05), and a marginally significant difference was found for the impaired group ( p Ͻ .07). For both groups, the mean percentage correct for items with homophonous nouns was higher than that for items without homophonous nouns, which indicates that verb retrieval for the former items tended to be easier than for the latter items. All of the results for lexical factors are presented in Table 1 . Finally, we investigated the contributions of the five conceptual factors to the subjects' performance. Unpaired t tests were used to analyze each factor. In each case, for both groups the mean percentage correct for items with one value of the factor was compared with the mean percentage correct for items with the other value of the factor. No directional predictions were made for four of the factors-hand vs. body, one vs. two core participants, undergoer change of state, and undergoer change of location; hence, twotailed t tests were used to analyze the data. By contrast, for the last factorwhether an instrument is used in the action-a clear prediction was made about how it would affect the subjects' performance, so one-tailed t tests were conducted. As shown in Table 1 , no significant effects were found for any of the conceptual factors. However, it is crucial to note that for the factor of undergoer change of location, the mean percentage correct for ''yes change'' items was considerably higher than that for ''no change'' items. Follow-up tests revealed significant differences (p Ͻ .05) for both groups, indicating that the subjects tended to perform better on items in which the undergoer does have a change of location.
Analyses of Individual Subjects
In order to get a more detailed picture of the contributions of the stimulus, lexical, and conceptual factors to the subjects' performance, further analyses were conducted for each individual impaired subject (n ϭ 19) as well as for each subject in the unimpaired group who obtained a Z score between Ϫ2 and 0, which corresponds to between 75 and 85% correct (n ϭ 14); in what follows, the latter subjects will be referred to as ''borderline'' subjects. The results for the impaired subjects are shown in Table 2 , and those for the borderline subjects are shown in Table 3 . Unpaired one-tailed t tests were used to analyze the factors of visual complexity, familiarity, image agreement, name agreement (%), name agreement (H), and verb frequency. For each of these factors, the rating or frequency numbers for the items that the subject got correct were compared with the numbers for the items that the subject missed. χ
2 tests were used to analyze the remaining factors of one vs. two pictures, homophonous noun, hand vs. body, one vs. two core participants, undergoer change of state, undergoer change of location, and instrument. In each case, the obtained numbers of correct and incorrect items with each value of the given factor were compared with the statistically expected numbers. In Tables 2 and 3 , only the analyses that yielded significant or marginally significant effects are shown. For all the t tests except the ones for frequency, each significant effect was consistently in the same, predicted direction such that the subjects manifesting the effects performed worse on items that are visually complex, unfamiliar, have low image agreement, a low percentage of name agreement (i.e., a low proportion of control subjects gave the same response), and high H name agreement (i.e., control subjects gave a large diversity of responses). For the t tests for frequency and for most of the χ 2 tests, the direction of significant effects varied across subjects. For this reason, in each case the direction of the effect is indicated by a parenthetical notation-L or H for low or high frequency, 1 or 2 for one or two pictures, Y or N for yes or no regarding the existence of a homophonous noun, H or B for hand or body, and A/U or A&U for actor/undergoer or actor and undergoer. The notation signifies that items with the designated value of the factor comprise a greater proportion of the items that the subject missed than of the items that the subject got correct; in other words, it indicates which value of the factor was more difficult for the subject. Tables 2 and 3 indicate that, as expected, a substantial number of individual subjects were influenced by the same factors that had a significant effect on verb retrieval at the group level. Virtually all of the subjects were influenced by the two lexical factors of name agreement (% and H ), and for many subjects the degree of significance for these factors is greater than for any of the other factors. This suggests that, taken together, the two closely related name agreement factors play an especially important role in accounting for the performance of the subjects. The tables also indicate that a large number of both impaired and borderline subjects were influenced by the two stimulus factors of familiarity and image agreement (familiarity: impaired, 13/19, borderline, 8/14; image agreement: impaired, 12/19, borderline, 10/14). Two other factors that were significant at the group level also turned up as significant or marginally significant for several individual impaired and borderline subjects-specifically, the lexical factor of whether the root of the target verb has a homophonous noun (impaired, 5/19, borderline, 4/14) and the conceptual factor of whether the undergoer has a change of location (impaired, 6/19, borderline, 4/14) . For the factor of homophonous noun, all of the effects were in the same direction, suggesting that the subjects had more difficulty retrieving verbs that do not have a homophonous noun than verbs that do. On the other hand, for the factor of undergoer change of location, the direction of the effect varied across the subjects, although it is nevertheless the case that while seven subjects (three impaired and four borderline) had greater difficulty with actions that do not involve a change of location than with actions that do, only three subjects (all impaired) had the opposite profile. So despite the variation across subjects for this factor, the overall pattern still conforms to the direction of the effect at the group level.
As for the remaining factors, none of them yielded significant effects at the group level, but Tables 2 and 3 indicate that each one did have a significant or marginally significant influence on at least a few individual subjects. With respect to stimulus factors, visual complexity interfered with verb retrieval for four impaired subjects and two borderline subjects, and stimuli with two pictures instead of just one were more difficult for two impaired subjects and three borderline subjects; however, because the distinction between one and two pictures corresponds directly to the grammatical-semantic distinction between imperfective and perfective aspect, it is not clear which distinction had a greater influence on the subjects' performance. In the category of lexical factors, verb frequency affected the performance of six subjects. Four of them (three impaired and one borderline) had greater difficulty retrieving low frequency verbs than high frequency verbs, while the other two (one impaired and one borderline) exhibited the opposite profile. Finally, each of the conceptual factors contributed to the performance of some subjects. Whether the action is done with the hand or the body was a relevant factor for two impaired subjects and one borderline subject, but the direction of the effect varied such that the two impaired subjects had greater difficulty retrieving verbs for body actions than hand actions, whereas the single borderline subject had the opposite profile. Whether the action involves just one core participant (an actor or an undergoer) or two core participants (both an actor and an undergoer) was important for two impaired subjects and two borderline subjects, and again the direction of the effect varied such that three of these subjects (one impaired and two borderline) had worse performance on items involving two participants than on items involving just one, whereas the fourth subject (impaired) had the opposite profile. Whether the undergoer has a change of internal state contributed to verb retrieval for four impaired subjects and four borderline subjects, but the direction of the effect varied. As with the related factor of undergoer change of location, however, there was a general trend: while five subjects (three impaired and two borderline) performed worse on items in which the undergoer does not change state than on items in which it does, only three subjects (one impaired and two borderline) displayed the opposite profile. Last of all, the factor of whether an instrument is used in the action influenced verb retrieval for five impaired subjects and one borderline subject, and in every case except one (impaired) the presence of an instrument made verb retrieval more difficult.
DISCUSSION
The focus of this study has been on how different kinds of stimulus factors, lexical factors, and conceptual factors contribute to the ability of brain-damaged subjects to retrieve verbs for naming pictures of actions. Some of the factors were significant at the group level, whereas others were significant only for a few individual subjects. Moreover, at the level of individual subjects the direction of the effect for several factors was variable. Many of the predictions about how the factors would infuence performance were confirmed, but some were not. We will discuss each one in turn.
The first two stimulus factors-visual complexity and familiarity-reflect continuous dimensions of the action pictures. Previous studies have shown that both of these factors can influence the ability of brain-damaged subjects to name pictures of concrete entities. Specifically, the more complex and unfamiliar a depicted object is, the harder it is for some subjects to retrieve the correct name for it (Funnell & Sheridan, 1992; Stewart et al., 1992) . Based on these findings, it was predicted that both factors would also affect the naming of actions. The results indicate, however, that at the group level only the factor of familiarity correlated strongly with the subjects' performance. Although more detailed analysis at the level of individual subjects revealed that the factor of complexity did influence the performance of 6 subjects, this is a small number compared to the finding that 21 subjects were influenced by the factor of familiarity. This discrepancy is especially surprising because both Snodgrass and Vanderwart (1980) and Fiez and Tranel (1997) showed that the ratings of picture complexity given by normal control subjects correlated very highly with the ratings of the familiarity of the depicted objects or actions. The dissociation between these two factors in the brain-damaged subjects suggests, however, that even if they are tightly linked for normal subjects, they nevertheless reflect distinct influences on the process of retrieving verbs for action naming.
For the third stimulus factor-image agreement-we predicted that performance would be worse for items with low agreement than for items with high agreement, and indeed this was found to be the case. At the group level strong correlations were found, and at the level of individual subjects significant effects were observed for a total of 22 subjects. These results suggest that when the depicted action does not bear a close visual correspondence with the average person's prototypical mental image of that kind of action, it is difficult for brain-damaged subjects to retrieve the most appropriate verb. One possible explanation is that the weak match between picture and mental image sometimes leads to inaccurate conceptual categorization of the depicted action, and this in turn causes inaccurate verb selection. Another possibility is that the weak match interferes with the ability to establish any confident conceptual categorization of the depicted action, and as a consequence no single verb is activated to a much stronger degree than others, so the subject is forced to select one of several more or less equally possible verbs.
The last stimulus factor is the number of pictures used for each itemone vs. two. As noted earlier, this distinction is directly conflated with whether the action is ongoing (imperfective aspect) or completed (perfective aspect). Although we predicted that items with two pictures (perfective aspect) would pose a greater challenge for verb retrieval than items with just one picture (imperfective aspect), no significant differences were found at the group level. Nevertheless, six individual subjects did turn out to be significantly influenced by this factor, and for five of them the influence was in the predicted direction. It remains, however, an open question as to whether the critical component affecting the performance of these subjects is the number of pictures used as stimuli or the internal temporal structure of the action.
We turn now to the various lexical factors, the first two of which are the closely related measures of name agreement (percentage and H ). It was predicted that the brain-damaged subjects would have greater difficulty on items with a low percentage of agreement and high H agreement than on items with the opposite ratings. More precisely, items for which a relatively small percentage of Fiez and Tranel's (1997) control subjects gave the correct response were predicted to be especially difficult for the brain-damaged subjects, as were items for which the control subjects tended to give a wide range of different responses. These predictions were strongly confirmed, and in fact nearly all of the subjects were influenced by these factors to a highly significant degree. The explanation may be that these two factors are direct reflections of what count as correct responses for the items in the test, and as we pointed out under Procedures, the specification of correct responses was quite strict, so that only certain verbs satisfied the requirements. Thus, the highly significant effects of name agreement suggest that for a large proportion of the items that the subjects missed, the errors may have been verbs that were in some way appropriate to the depicted action-e.g., semantically superordinate to the target verb-but were just not the particular responses that were considered to be most accurate, based on Fiez and Tranel's (1997) a priori considerations and on the performance of their control subjects (Kemmerer & Tranel, 2000) . For the third lexical factor-verb frequency-we predicted on the basis of previous studies (Breedin & Martin, 1996; Berndt et al., 1997a; Breedin et al., 1998) that there would either be no significant effect at all or that if an effect emerged it would tend to be negative such that low frequency verbs would be easier to retrieve than high frequency verbs. At the group level the former type of result was obtained, since frequency was found to correlate very weakly with correctness. It is important to note, however, that the direction of this correlation was negative, which is consistent with the second predicted type of result. Moreover, at the level of individual subjects we discovered that the frequency factor had a significant influence on the performance of six subjects. Four of them exhibited worse retrieval of low frequency verbs than high frequency verbs, while the other two had the opposite pattern. Thus, the results for some of these subjects fit with the results of the previous studies mentioned above, which also found that some braindamaged subjects display a negative verb frequency effect in action naming tests. At first sight, these results are surprising given that positive frequency effects for naming are the norm, at least with regard to naming pictures of concrete objects (Johnson et al., 1996) . Perhaps for this reason, some researchers have taken a skeptical stance toward the data suggesting negative frequency effects for action naming. For example, Breedin & Martin (1996) argue that the effects demonstrated by two of the brain-damaged subjects in their study can be attributed to a few outlier verbs with unusually low frequencies. However, for the two subjects in the present study who showed negative frequency effects, we inspected the frequencies of all the verbs that they did and did not get correct and concluded that the effects are not due to outlier verbs. Although negative frequency effects may appear odd on the face of it, there are several possible explanations for their occurrence. For example, Berndt et al. (1997a) point out that negative frequency effects for verb retrieval in agrammatic aphasics may derive from the fact that a defining feature of these subjects is that extremely high frequency words (grammatical function words) are often omitted or incorrectly substituted, whereas comparatively low frequency words (e.g., concrete nouns) tend to be preserved. Another idea, suggested by Breedin et al. (1998) , is based on the notion that low frequency verbs (e.g., sneeze) tend to have a narrow range of applicability and hence are semantically quite specific, whereas high frequency verbs (e.g., hit) tend to have a broad range of applicability and hence are more likely to be polysemous. Thus the retrieval of high frequency verbs may actually involve greater processing difficulty because one among numerous competing senses must be selected. While these are plausible explanations, it is nevertheless important to bear in mind that the negative frequency effects found in this study and in other studies depend on the frequency ratings provided by Francis and Kucera (1982) . This frequency reference book has many limitations, the most serious of which is that frequencies are computed from written materials rather than from naturally occurring spoken language. For this reason we believe it is prudent to remain cautious about the validity and significance of the observed frequency effects.
For the last lexical factor-whether the root of the target verb has a homophonous noun-it was not possible to formulate precise predictions about whether it would or would not affect verb retrieval because previous studies have yielded inconsistent results. For example, Caramazza and Hillis (1991) presented data suggesting that homophony does not facilitate the retrieval of words belonging to different grammatical categories, whereas Bastiaanse (1996, 1998) presented data suggesting that it does. The results of this study support the latter view, since the subjects were significantly better at retrieving verbs with homophonous nouns than verbs without homophonous nouns. This was found to be true at the group level as well as for nine individual subjects. These results are strikingly similar to the discovery by Bastiaanse (1996, 1998 ) that brain-damaged subjects could name pictures of instrumental actions with greater success when the root of the target verb was homophonous with the noun for the depicted instrument than when it was not. Jonkers and Bastiaanse (1998, p. 254) interpret their findings by stating that ''this obvious effect of name relation in action naming argues against separate word-form lexicons for verbs and nouns: if these word classes are stored in different lexicons, then how can name relation with an item from another lexicon be helpful to retrieve a verb?'' (emphasis in original). In addition, the results of both Jonkers and Bastiaanse's (1998) study and the present study are consistent with research on normal subjects suggesting that homophonous words belonging to different grammatical categories (e.g., in and inn) have the same representation at the level of phonological form (Dell, 1990; Jescheniak & Levelt, 1994) rather than having separate representations in different phonological components organized by grammatical category (Caramazza & Hillis, 1991; Rapp & Caramazza, 1995) .
Finally, we consider the influence of the various conceptual factors on the subjects' performance. The first of these factors is whether the action is done with the hand or the body. We were interested in exploring this factor mainly because of the following neuroanatomical considerations. The left ventrolateral premotor and prefrontal cortices may be important for both verb retrieval (e.g., Petersen et al., 1989; Damasio & Tranel, 1993; Daniele et al., 1994; Grabowski et al., 1996; Warburton et al., 1996; Breedin et al., 1998; , submitted for publication) and the planning of hand actions (e.g., Kimura, 1993; Heilman & Rothi, 1993; Gallese et al., 1996; Grafton et al., 1996a Grafton et al., , 1996b Rizzolatti et al., 1996) , whereas the planning of other body actions (more precisely, trunk and leg actions) is probably subserved by the superior and mesial premotor and prefrontal cortices. Based on these considerations, we reasoned that brain-damaged subjects might exhibit dissociations between verb retrieval for hand actions and verb retrieval for body actions, perhaps with a tendency for the former kind of retrieval to be more impaired than the latter. The results indicate, however, that at the group level there were no significant differences between verb retrieval for the two types of actions. Furthermore, at the level of individual subjects, significant effects of the hand vs. body factor were found for only three subjects, and the effects were in different directions. Hence this factor does not appear to have a strong, systematic effect on the verb retrieval abilities of brain-damaged subjects, at least under the conditions of our experiments.
The second conceptual factor is whether the action involves just one core participant (either an actor or an undergoer) or two core participants (both an actor and an undergoer). As with the lexical factor of whether the target verb has a homophonous noun, it was not possible to make straightforward predictions about how this factor would contribute to the subjects' performance because previous studies have shown that the number of participants encoded by the target verb affects different brain-damaged subjects in different ways: for some subjects, verbs encoding one core participant are easier to retrieve than verbs encoding two core participants, whereas for other subjects the opposite is the case (Caplan & Hanna, 1998; Thompson et al., 1997; Jonkers & Bastiaanse, 1996 , 1997 , 1998 . Surprisingly, the results indicate that at the group level this factor did not significantly influence the subjects' performance. At the level of individual subjects, however, three subjects were found to have significantly greater difficulty retrieving verbs for actions involving two core participants than for actions involving just one core participant, and one subject displayed the opposite pattern. Although these results are based on a small number of subjects, we consider them quite intriguing. The results for the first three subjects are consistent with the view that two-participant verbs are more difficult to retrieve than single-participant verbs. This fits with the common intuition that semantically complex verbs are harder to activate than semantically simple verbs (Zingeser & Berndt, 1990) . On the other hand, the subject who demonstrated an advantage for two-participant verbs and the similar subjects described by Jonkers and Bastiaanse (1996 , 1997 , 1998 refute the idea that this intuition has general applicability. These subjects are valuable because they challenge our assumptions about the nature of verb processing and force us to develop alternative theories. For example, Breedin et al. (1998) suggest that for some subjects richer semantic structures may actually facilitate word retrieval because there are more interconnected features available to access.
These issues are also relevant to the next two conceptual factors-whether the undergoer changes internal state and whether the undergoer changes spatial location. Breedin et al. (1998) found that two of the brain-damaged subjects in their study exhibited an inverse complexity effect such that they had better retrieval of verbs that do specify a change of state in the undergoer than of verbs that do not. These subjects as well as others also performed better on semantically heavy and specific verbs than on semantically light and general verbs. As noted in the previous paragraph, the authors explain this by suggesting that the more information a verb contains, the easier it is to access, a view that receives some support from connectionist neural network modeling (Plaut & Shallice, 1993) . In addition, they make the point (discussed earlier in the context of negative frequency effects) that semantically simple verbs may be more difficult to process than semantically complex verbs because the former require selection from a large range of semantically ''lean'' senses, whereas the latter only require activation of a single, or perhaps dominant, sense which is semantically very rich. We would also like to note that the inverse complexity effect observed by Breedin et al. (1998) may be related to the factor of age of acquisition because, first, semantically simple verbs may be learned before complex verbs (Tomasello, 1992; Tomasello & Merriman, 1995) and, second, several studies have demonstrated that age of acquisition exerts a powerful influence on word retrieval (e.g., Feyereisen et al., 1988; Morrison et al., 1992; Hirsh & Ellis, 1994; Hirsh & Funnell, 1995; Morrison & Ellis, 1995; Nickels & Howard, 1995; Barry et al., 1997; Hodgson & Ellis, 1998) .
Although Breedin et al. (1998) favor the view that semantically complex verbs are easier for brain-damaged subjects to retrieve than semantically simple verbs, they also point out that the more traditional view that complexity impedes processing may also apply to some brain-damaged subjects. For this reason, we predicted that the factors of change of state and change of location might have variable effects on the subjects in the present study such that some would perform better on verbs that do encode a change of state/ location (analogous to the subjects in Breedin et al.'s study), whereas others would perform better on verbs that do not. Although the factor of change of state was not significant at the group level, the factor of change of location was significant such that verbs that do encode a change of location were easier to retrieve than verbs that do not. The latter results are in accord with those of Breedin et al. (1998) . Further analysis at the level of individual subjects, however, revealed variable effects for both factors. With regard to the change of state factor, five subjects performed better on verbs that do encode a change than on verbs that do not, yet three subjects had the opposite profile. Similarly, for the change of location factor, seven subjects performed better on verbs that do encode a change than on verbs that do not, yet three subjects had the opposite profile. Thus, although there appears to be a tendency for semantically complex verbs to be easier to access than semantically simple verbs, there are enough exceptions to indicate that several cognitive mechanisms are involved and can be differentially affected by brain damage. Thus, the situation here is very much like that for the factor of the number of core participants encoded by verbs, where variable effects were also found both in this study and in others. An important goal of future research will be to investigate these issues further.
The last conceptual factor is whether the actor makes use of an instrument to carry out the action. Based on Jonkers and Bastiaanse's (1996) finding that some brain-damaged subjects have more difficulty retrieving instrumental verbs than noninstrumental verbs, we predicted that the subjects in the present study would exhibit the same pattern. At the group level, no significant differences were found between verb retrieval for actions that do involve an instrument and for actions that do not. However, investigation at the level of individual subjects revealed that the instrument factor did significantly influence the performance of five subjects, and in the predicted manner. On the other hand, one subject displayed the opposite profile, with better performance on items that do involve an instrument than on items that do not. Although this subject's performance violated our predictions, it is consistent with Breedin et al.'s (1998) view that semantically complex verbs can be easier to retrieve than semantically simple verbs. Thus, once again we find evidence suggesting that the general phenomenon of semantic complexity may be more complicated that previously recognized and may influence verb processing in several different ways.
Stepping back now from the detailed results of this study, it is important to ask what the implications are of the discovery that many different kinds of stimulus, lexical, and conceptual factors contribute to the ability of braindamaged subjects to retrieve verbs for action naming. We believe that, as with the other recent discoveries about verb processing that we mentioned in the Introduction, these findings are useful because they suggest that the notion of a ''general verb retrieval deficit'' may be a convenient fiction (see Jonkers & Bastiaanse, 1998 , for a similar view). In other areas of neurolinguistics, and in neuropsychology more broadly, researchers have shown that disorders that were once considered to be monolithic are instead highly multifaceted since they can be fractionated into a large number of much more specific disorders each of which reflects one component of highly complex cognitive and neural systems. For example, careful investigations have un-covered many different kinds of syntactic comprehension deficits (Caplan & Hildebrandt, 1988; Berndt et al., 1996 Berndt et al., , 1997c , face processing deficits (Ellis & Young, 1988; Damasio et al., 1990b; Tranel et al. 1995) , and spatial representation deficits (Bisiach, 1997; Vallar, 1998 ). The present study shows that in the domain of verb retrieval, many different factors can affect the performance of brain-damaged subjects, but they are relevant to different degrees and in different ways. Although nearly all of the subjects were influenced by some of the factors-e.g., the two measures of name agreementthere were also many different patterns of significant factors across the subjects. That is, a large number of dissociations between factors were attested, which suggests that the cognitive and neural operations involved in retrieving verbs to name pictures of actions are quite complex and depend on a wide variety of independent properties of both the stimuli and the target verbs. In addition, as discussed earlier, the direction of the effect for several factors was variable, which provides further evidence for the complexity of the underlying mechanisms. These findings indicate that in the future it will be important for researchers investigating the verb retrieval abilities of braindamaged subjects to control as much as possible for the kinds of factors that were shown to be relevant in this study.
We would like to conclude by pointing out that an interesting outcome of the study was that, at the level of group analysis, none of the factors that were investigated served to distinguish between the impaired group and the unimpaired group. The most parsimonious interpretation of this finding is that the verb retrieval capacities of impaired and unimpaired subjects are not fundamentally different, with regard to the factors to which they are sensitive. In other words, although the efficiency of cognitive and neural operations that subserve verb retrieval is degraded in impaired subjects, the basic functional properties of these operations do not appear to undergo substantial qualitative changes. For example, impaired subjects do not appear to become influenced by factors that do not significantly affect the performance of normal subjects (e.g., whether the actor uses an instrument to carry out the action), nor do they appear to lose sensitivity to factors that do contribute significantly to the performance of normal subjects (e.g., whether the root of the target verb has a homophonous noun). This is analogous to the finding that brain-damaged subjects with disorders of syntactic comprehension still attempt to make use of the same language-specific cues to interpretation that normal subjects use, such as case and agreement markers or the linear order of noun phrases (Bates et al., 1987) . Although it is very interesting that subjects with impaired and unimpaired verb retrieval seem to be fairly similar in terms of what factors they are sensitive to, it is arguably of greater importance to determine the ways in which these subjects are different from each other. To further explore this issue, we conducted a separate investigation of the kinds of errors that the subjects in this study made on the Action Naming Test. This is the topic of a companion paper (Kemmerer & Tranel, 2000) . 
